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[57] ABSTRACT

Disclosed herein is a suction pad for attracting and
holding a work, which comprises a suction base cou-
pled via a connector to a vacuum suction source, a
suction skirt integrally provided in continuation with
the base, and a vacuum chamber which is defined inside
the suction pad and communicates with the inside of the
skirt. In addition, the suction pad includes a plurality of
smaller-diameter through holes which cause the vac-
uum chamber to communicate with a suction surface of
the skirt, and partition walls for surrounding the
through holes. The partition walls define a number of
small vacuum chambers.

2 Claims, 3 Drawing Sheets
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1
SUCTION PAD

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a suction pad for
attracting a work so as to enable the work to be fed to
a desired position.

2. Description of the Related Art

There has heretofore been used a suction cup or pad
which communicates with a vacuum suction source in
order to feed, for example, a thin plate-shaped work to
a predetermined position. This type of suction pad nor-
mally has a suction base and a suction skirt integrally
provided in continuation with the base. In addition, the
suction pad is mounted on an arm of a robot through a
connector and used to feed a work, for example. At this
time, when a tube extending from the vacuum suctton
source is connected to the base of the suction pad 1n
such a way as to enable the vacuum suction source to
suck or draw air inside the skirt, the work is attracted
‘and held by the suction pad under reduced pressure of
the skirt so as to be fed to a desired position.

The suction pad employed in the prior art will now
be described with reference to FIGS. 1 and 2.

In order to feed a work W attracted and held by a
suction pad 2, the distal end of a thin and flexible suction
skirt 4 of the suction pad 2 is brought into contact with
the work W. Then, the vacuum suction source 1s ener-
gized to suck or draw air inside the skirt 4 through a
through hole 7 defined in a suction base 6 and an
adapter 8 mounted on the base 6. As a consequence, the
skirt 4 serves to attract and hold the work W from the
distal end thereof under the reduced pressure of the
skirt 4, thereby feeding the same to a desired position.

In this case, as the sectional form of the skiart 1s prop-
erly used either a circle or an ellipse according to the
shape, weight, etc. of a work to be fed.

However, in the above prior art, when the suction
- pad 2 attracts and holds the work W, the end of the skirt
4 is brought into abutment against the work W. How-
ever, a contact area of the suction pad 2 with respect to
the work W is increased or decreased according to the
pressure, i.e., vacuum for sucking or drawing the air
inside the skirt 4. When a vacuum, i.e., negative pres-
sure inside the skirt 4 is increased in a state in which the
suction pad 2 attracts and holds the work W as shown in
FIG. 1 by way of example, the area of a contact surface
9 of the skirt 4 with respect to the work W is increased
as shown in FIG. 2. Specifically, when the pressure for
sucking or drawing the air inside the skirt 4 is increased
or decreased at the time the suction pad 2 attracts the
work W, the area of the contact surface 9 of the suction
skirt 4 with respect to the work W changes. This shows
that the attraction or suction force of the skirt with
respect to the work is changed according to the change
in the contact area.

Thus, when the vacuum for sucking the air inside the
skirt is established to an initial condition, the theoretical
value of the attraction or suction force is subjected to a
complex calculation, and hence the accuracy of its cal-
culation 1s low.

In the above-described suction pad, the position
where the suction pad attracts and holds the work is
displaced so as to move a part of the skirt away from the
work. When the inside of the suction pad reaches the
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atmospheric pressure, the work is released from the
skirt and therefore drops away from it.

When it is desired to feed a work having low rigidity,
the work tends to drop. Consequently, space occurs
between the work and the suction surface of the suction
pad to produce a vacuum break, thereby releasing the
work from the skirt while the work is being fed.

SUMMARY OF THE INVENTION

It is a general object of the present invention to pro-
vide a suction pad of a type wherein the theoretical
value of the attraction force can simply and more accu-
rately be calculated and an appropriate vacuum for
sucking air can be easily initiated.

It is a principal object of the present invention to
provide a suction pad of a type wherein a vacuum
chamber is defined inside the suction pad, and a plural-
ity of smaller-diameter through holes which communi-
cate between the vacuum chamber and a suction surface
of the suction pad are defined to be surrounded with
partition walls formed therearound in such a way as to
define a number of small vacuum chambers, thereby
making it possible to feed a work without the work
separating from the suction pad even when some space
occurs between the work and the suction surface while
the work is being fed.

It is another object of the present invention to pro-
vide a suction pad for attracting and holding a work,
comprising a suction base coupled via a connector to a
vacuum suction source, a suction skirt integrally pro-
vided in continuation with the base, and a vacuum
chamber defined inside the suction pad, the vacuum
chamber communicating with the inside of the skirt.

It is a further object of the present invention to pro-
vide the suction pad further including a plurality of
smaller-diameter though holes which enable the vac-
uum chamber to communicate with a suction surface of
the skirt, ‘and partition walls for surrounding the
through holes, the partition walls defining a number of
small vacuum chambers.

It is a still further object of the present invention to
provide the suction pad wherein the partition walls
formed around the through holes are substantially of a
plurality of ribs, and a contact area of the skirt with
respect to the work is increased by the nbs.

The above and other objects, features and advantages
of the present invention will become apparent from the
following description and the appended claims, taken in
conjunction with the accompanying drawings in which
preferred embodiments of the present invention are
shown by way of illustrative example.

BRIEF DESCRIPTION OF THE DRAWINGS

FIGS. 1 and 2 are cross-sectional views of a conven-
tional suction pad;

FIG. 3 is a bottom plan view of a suction pad accord-
ing to a first embodiment of the present invention;

FIG. 4 is a longitudinal cross-sectional view taken
along line II—Ii of FIG. 3; and

FIG. 5 is a bottom plan view of a suction pad accord-
ing to a second embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring to FIGS. 3 and 4, designated at numeral 10
is a suction pad according to a first embodiment of the
present invention. The suction pad 10 basically com-
prises a base 12 which communicates with an unillus-
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trated vacuum suction source, and a suction skirt 14
integrally provided in continuation with the base 12.

The base 12 is shaped substantially in the form of a
cylinder and mounted on the distal end of an arm of a
robot through an unillustrated connector. The base 12
has a first vacuum chamber 16 defined therein, whose
capacity or volume is large so as to keep the first vac-
uum chamber 16 under vacuum. In addition, the base 12
has a through hole 18 defined in an upper wall thereof,
which causes the unillustrated vacuum suction source
to communicate with the first vacuum chamber 16.

The skirt 14 is formed of a flexible material, and has a
thin-walled flange 20 formed at the entire peripheral
edge thereof and an attraction or suction surface 22
formed on the bottom side thereof. There are also con-
centrically formed a plurality of protrusions 24q
through 244 each of which extends in the circumferen-
tial direction of the suction surface 22 and forms a part
of a partition wall. In addition, a number of through
holes 26a through 26¢ are concentrically defined among
these protrusions 24a through 244. Each of the through
holes 26a through 26c is of a smaller-diameter, and has
- a diameter between 0.5 mm and 1 mm, for example.
Each of the through holes 26a through 26¢ also commu-
nicates with the first vacuum chamber 16 defined in the
base 12. There are formed among the respective
through holes 26a through 26c¢ a plurality of projections
30a through 30c¢ each of which extends in the radial
direction of the suction pad 10 and constitutes a part of
a partition wall. Thus, the periphery of each of the
through holes 26a through 26c¢ is surrounded by the
protrusions ‘24a through 244 and the projections 30a
through 30c so as to define a number of second small
vacuum chambers.

A description will now be made of operation of the
suction pad 10 constructed as described above.

The suction pad 10 is mounted on the distal end of the
arm of the robot. In addition, the suction pad 10 is con-
nected to a tube or the like extending from the unillus-
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uum suction source to suck or-draw air inside the skirt
14 via the first vacuum chamber 16 and the through

holes 26a through 26c. _
As a result, a work is attracted and held by the suc-

tion pad 10 while the skirt 14 is being subjected to the 45

vacuum, 1.e., reduced pressure, and then fed to a desired
position. In this case, the above-described second vac-
uum chambers defined in the suction surface 22 of the
skirt 14 formed of the flexible material respectively
independently perform attracting operations, and serve
to prevent the flange 20 from adhering closely to the
work and to prevent air from entering from between the
work and the skirt 14. -

Let’s now assume that when a certain force is applied
to the work while being fed, the suction pad 10 i1s swung
in the front-to-rear direction or from side to side so that
a part of the suction pad 10 is moved away from the
work, thereby causing parts of the second vacuum
chambers defined in the bottom 22 of the skirt 14 to
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communicate with air. In this case, only the parts of the 60

second vacuum chambers, which communicate with
the air, are subjected to a vacuum break. However, this
does not exert an influence on the remaining second
vacuum chambers. Specifically, such remaining second
vacuum chambers respectively independently carry out
the attracting operations, thereby enabling the work to
be fed to a desired position while it is being attracted
and held by the suction pad 10 without separating the
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work from the suction pad 10. Since the diameter of
each of the through holes 264 through 26¢ defining the
second vacuum chambers is much smaller than that of
the first vacuum chamber 16, the attracting operations
of the remaining second vacuum chambers can continu-
ously be performed without a failure in the suction
operation of the first vacuum chamber 16 by the vac-
uum break, so that the work can be fed without being
released from the suction pad 10.

In the present embodiment, as described above, there
are defined in the suction pad 10, the first vacuum
chamber 16 having the large volume and the second
small vacuum chambers. Thus, the respective second
vacuum chambers thus defined therein serve to attract
the work, thereby enabling the work to be fed to a
desired position without separating the so-attracted
work therefrom while the work is being fed.

FI1G. § shows a suction pad 40 according to a second
embodiment. The same elements of structure as those
employed in the first embodiment are identified by like
reference numerals and their detailed description will
therefore be omitted.

The present embodiment differs from the first em-
bodiment in that the suction pad 40 employed in the
present embodiment has a number of ribs 42a through
42¢ respectively formed around a number of through
holes 26a through 26¢ defined in an attraction or suction
surface 22 of a skirt 14.

The skirt 14 1s formed of a flexible material, and has a
thin-walled flange 20 formed at the full peripheral edge
thereof and the attraction surface 22 formed at the bot-
tom of the skirt 14. There are concentrically formed a
plurality of protrusions 24a through 244 each of which
extends in the circumferential direction of the attraction
surface 22. In addition, a number of through holes 262
through 26c are concentrically defined among these
respective protrusions 24a through 24d. Each of the
through holes 26ag through 26¢c communicates with a
first vacuum chamber 16 defined in the base 12. There
are also formed an infinite number of ribs 424 through
42¢ referred to above each of which is formed around
each of the through holes 264 through 26c and extends
in the circumferential direction.

A description will now be made of operation of the
present embodiment. A work is attracted and held by
the suction pad 40 while the skirt 14 is being under the
reduced pressure and then fed to a desired position.
When the suction pad 40 abuts against the work, the ribs
422 through 42c¢ which are respectively formed on the
peripheries of the through holes 26a through 26c¢ de-
fined in the bottom 22 of the skirt 14, are squeezed so
that a contact area of the skirt 14 with respect to the
work is increased. Thus, the degree of vacuum at the
through holes 26a through 26¢ partitioned, i.e., sec-
tioned by the ribs 42a through 42¢ respectively is in-
creased, thereby making it possible to reliably attract
and hold the work by the suction pad 40. Accordingly,
even when a part of the skirt 14 is released from the
work, air is not introduced into the through holes 26a
through 26c¢ other than those corresponding to the part
of the skirt 14 owing to the provision of a number of ribs
42a through 42c, thereby causing no failure to attract
and hold the work by the suction pad 40.

In the present embodiment, as described above, the
ribs 424 through 42¢ are formed around the through
holes 26a through 26c¢ respectively and brought into
contact with the work. Thus, the contact area of the
skirt with respect to the work can be increased and the
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vacuum chambers can be prevented from being sub-
jected to the vacuum break.

Incidentally, it is needless to say that the suction pad
is not necessarily limited to the shape of a circle em-
ployed in the illustrated embodiments and may be 5
shaped in the form of an ellipse.

The suction pad according to the present invention
has the following advantages.

Since the first vacuum chamber which communicates
with the inside of the skirt is defined in the suction pad, 10
the contact area of the skirt with respect to the work is
rendered constant when the pressure for sucking or
drawing air is applied, thereby making it possible to
accurately calculate the theoretical value of the attrac-
tion force proportional-only to the vacuum. Thus, the 15
control of the vacuum generation source with respect to
the suction force of the suction pad can be simplified at
one time.

In addition, the suction pad according to the present
invention has a plurality of smaller-diameter through 20
holes defined therein, which enable the vacuum cham-
ber defined inside the suction pad to communicate with
the attraction surface. In this way, the diameter of each
of the through holes is rendered small so as to reduce an
effective sectional area, thereby preventing air from 25
flowing into the first vacuum chamber in large quanti-
ties. Thus, even when a part of the work is released
from the suction pad, a reduction in the attraction force
can be minimized. In addition, since a number of second
small vacuum chambers are defined by partition walls 30
surrounding the holes, the vacuum break does not exert
an influence on adjacent second vacuum chambers, and
the respective second vacuum chambers independently
attract and hold the work. Thus, even if the part of the
work is released from the attraction surface of the suc- 35
tion pad, a number of second vacuum chambers other
than the second vacuum chambers associated with the
part of such a work serve to attract and hold the work,
thereby making it possibie to attract and feed the work
without releasing the work from the attraction surface 40
of the suction pad. Even when a work such as a sub-
strate, having holes whose positions are not clearly
defined, is fed, it is unnecessary to change the shape of
the suction pad because the holes defined in the attrac-
tion surface are independently defined. 45

By bringing each of the ribs formed around the holes
into contact with the work, the contact area of the skirt

‘with respect to the work can be increased, and hence
the degree of the vacuum of the respective through
holes can be rendered high. | 50

Although certain preferred embodiments have been
shown and described, the present invention is not neces-
sarily limited to the present embodiments. It should be
understood that many changes and modifications may
be made without departing from the spirit or scope of 55
the invention as set forth herein.

What 1s claimed is:

1. A suction pad for attracting and holding a work-
piece, comprising:

6

a suction base coupled via a connector to a vacuum
suction source;

a suction skirt connected with said suction base, said
suction skirt including a separating wall disposed
between said suction base and an inside of said
suction skirt;

a first vacuum chamber defined inside said suction
base above said separating wall, said separating
wall separating said first vacuum chamber and the
inside of said suction skirt;

a plurality of small diameter through holes defined in
‘said separating wall for allowing said first vacuum
chamber to communicate with the inside of said
suction skirt;

a plurality of circular partition walls concentrically
disposed on said separating wall facing the inside of
said suction skirt and adjacent said through holes;
and

a plurality of radial projections radially disposed on
said separating wall, said projections being dis-
posed between respective concentrically disposed
partition walls and adjacent said through holes,
wherein said partition walls and said projections
jointly define a plurality of second vacuum cham-
bers surrounding each of said through holes, and
wherein when said suction pad is holding a work-
piece said second vacuum chambers are defined
between said separating wall and the workpiece
held by said suction pad.

2. A suction pad for attracting and holding a work-

piece, comprising:

a suction base coupled via a connector to a vacuum
suction source;

a suction skirt connected with said suction base, said
suction skirt including a separating wall disposed
between said suction base and an inside of said
suction skirt;

a firs vacuum chamber defined inside said suction
base above said separating wall, said separating
wall separating said first vacuum chamber and the
inside of said suction skirt;

a plurality of small diameter through holes defined 1n
said separating wall for allowing said first vacuum
chamber to communicate with the inside of said
suction skirt;

a plurality of circular partition walls concentrically
disposed on said separating wall facing the inside of
said suction skirt and adjacent said through holes,
wherein when said suction pad is holding a work-
piece said partition walls jointly define a plurality
of second vacuum chambers defined between said
separating wall ad the workpiece held by said suc-
tion pad; and |

a plurality of ribs disposed between respective con-
centrically disposed partition walls and adjacent
said through holes for increasing a contact area

- between said skirt and the workpiece held by said

suction pad.
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